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returnOut=418.9829*len(matrix[@,

import numpy as np
# Schwefel
# f(420.9867, ..
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Design of Experiments | Variables

Design of Experiments A £ =

Ad d Design  Plot  Quality |
/ + -

v O rl O bl eS variable type args count

0 a Double Preci... [] 10

1 b Double Preci... [] 10

2 ¢ Double Preci... [] 10

variable |c

Select

type Double Precision

link| None

variable

wo

from -3.141592653589793

|to 3.141592653580793

parameters

levels 10|

Output Selection | DOE Array a

Selected Output
DOE Matrix

/AI
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Design of Experiments A £ =
Design  Plot  Quality Run |

H
variable type args count

1 con

Double Preci... [] 1

variable con|

P des_conv_corr

link | des_min_cond_dist
hamaker_constant
gener_part_canfig

cone_height

from
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Inside MFiX =MFiX Aware

Fuzzy search of
Parameters and
MFiX Keywords

levels | wall_hamaker_constant Design of Experiments A 4 =

set_corner_cells . . .
cn_on Design  Plot  Quality Run |
jackson + =
fric_non_sing_fac
friction_model variable type args count

1 cone_height Double Preci... [] 2

2 drag_type String 0 3

Automatic yacabla fdragtypo
| -I-' type String & arg(s)
\ [¥{ SYAM_OBRIEN
Of value(s) |v: GIDASPOW
. GIDASPOW_BLEND
Categorical ERERY

Variables

Output Selection Completed B

Selected Output »

DOE Matrix »
//ﬂ
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Design of Experiments | Methods
TL

Design of Experiments A £ = Design of Experiments A £ =
M e‘l‘hod | Variables m Plot  Quality | | Variables  Design .:E. Quality |
\Aethod | hammersly
Samples 500 | Method 2D plot 3 P
. B . . . . . . . .
Factonal reeonie st e ’ Options P R A S
. - f "“0,".0.“0, ’.o.“o"’o“‘o,
C OV O ry DRepeat 1 * random samples 1 * times. O 14 :"’*":0":"’. ’.":’:’.’::" .“"":o”:“‘, ’,’*:: ’.:“’
- A T e L T T T T ¢
|| Randomize sample order c . SGmpleS 0 Ceat rat Te el e o.”o.”oo’
Montecarlo | Import, Build, B Oy I
. [ Import I Build I Export | h -1 4 .‘o”,"".‘o"o”:,‘0”,’0’.’0" DN
L JL I J . - - - - - . .
L O 1-I n h yp erc Ube - - - Exp O r-I- ] o¢.,‘ ”.0 ."‘ ’.v‘."*’.*""“v‘.,‘\.‘.:’”,»“:’:‘.::
LI B T . s * L% e .
C en 1- ra I 1 314 314 314 3] : f”." A AN ’.':. .. ‘. ,‘.*.}"’ ,".,’;.
: 2 31 0 < Samples 5 2 4 6 1 3 3
composite
3 -3a2 -1.57 1.05 ; ;
= |
Sobol 4 -39 1.57 -2.44 a €D "I" Q =
Hammersly 5 -3.09 -2.36 -0.349 C h(] nge )Y'Ax'm | b X Axis | a
Output Selection | DOE Array a V O ri O bl eS Output Selection  DOE Array a

Halton

Selected Output
DOE Matrix

/AI
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Response Surface | Samples
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Samples +
Response

_Or_

Read CSV

U.S. DEPARTMENT OF

Response Surface

sl matrix/response

+

‘ Data ‘ Model | Error | Plot |

A% ~

| Import
a b Response =
-3 -3 12.6
-4.99 0 10.1
-4.98 -2.5 12.6
-4.97 2.5 12.6

-4.96 -3.75 12.8
-4.95 1.25 11.4
-4.94 -1.25 11.4
-4.93 3.75 12.8
-4.92 -4.38 13.7
-4.91 0.625 11.7
-4.9 -1.88 11.1
-4.89 3.12 11.8
-4.88 -3.12 11.9
13 |-4.87 1.88 11.2
14 -4.86 -0.625 11.8
15 |-4.85 4.38 13.8
16 -4.84 -4.69 13.9
-4.83 0.312 11.6

18 |-4.82 -2.19 11.8

19 -4.81 2.81 12.2

20 4.8 -3.44 13.3

21 |-4.79 1.56 12.2

[l el Ll = A - = L R VR SR R ]
Wik = o

[}
=]

Output medel | radial basis function

ENERGY
T I TECSN o I.gGY

e @ Read CSV File
File |rsﬂweber,fDown loads/40hopper_cas e.csv|
Deliminator space(s)
Header row |0 | _:_
Comment Character |# |
Reader pandas n

PP_FC

PW_FC
Sample Columnis) PP_RC

PW_RC

I_:I Discharge
Response Column | Discharge
PP_FC PW_FC PP_RC PW_RC Dis
2 027 0.814 0.475 0.958 1.95
3 0.684 0.316 0.62 0.681 1.9
4 (0.986 0.605 0.538 0.311 1.86
5 0.679 0.781 0.921 0.276 1.99
6 0.242 0.638 0.683 0.613 1.98
7 0.B57 0.093 0.671 0.95 2.34
Import Cancel




Response Surface | Models
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Response Surface A % v

» matrix/response

+ —
POlnTS TO | Data ‘ Model | Error | Plot |
remove for wes=>  Cross validation points | 10 12| %
. . fit Model MSE~ R~2 Linf L1 L2
cross validation ~  radial basis function  0.113 0.982 0.123  0.0231 0.0332
v cubic 0.14 0.978 0.099 0.0265 0.0368
v linear 0.236 0.963 0.121 0.0384 0.0477
v random forest 0.243 0.961 0.103 0.0383 0.0486
e support vector machine 0.372 0941 0.135 0.0482 0.0603
SeleCT N / i decision tree 0.433 0,931 0.13 0.052 0.065
o nearest 0.468 0.926 0.131 0.0538 0.0676
MoaelsTo Tl
e multilayer perceptren  0.505 0.92 0.171 0.0394 0.0701
| [mars  [o0.678 [0.892 J0.161 [0.065 |0.0813 |

Model
parameters

Fitmode| =—»

.S. DEPARTMENT OF

v polynomial
e gaussian process

0.956 0.848 0.209 0.0807 0.0966
1.07 0.83 0.643  0.0405 0.102

Max terms |1ElEl

Max degree |1

Penalty (3.0

Refit Model(s) |

Output model | radial basis function - |
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gaussian process
polynomial
] multilayer perceptron
. Support vectormachine
Error Decision tree
metrics Random forest

nearest

linear

cubic (d<=2)

radial basis function

py-earth MARS




Response Surface | Models
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® Samples
-== True
—— gaussian process
—— polynomial
—— multilayer perceptron 0.2
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—— linear
—— cubic
—— radial basis function 0.4
— MARS
0.0 A
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N\
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polynomial regressors

)

® Samples
=== True
" \ — linear
. —— ridge
’ —— bayesian ridge
:' —— automatic relevance determination
y — lasso
—— multitask lasso
—— elastic net
—— multitask elastic net

—— lars

—— lasso lars

—— orthogonal matching pursuit
\W —— stochastic gradient descent

\ A
v‘g— passive aggressive regressor

—— huber
—— theil @
—— ransac

0.0

0.2

0.4 0.6
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Response Surface A £ v
Response Surface A % v - pee—
= matrix/response + -
+ — ‘ Data | Model | Error | Plot ‘
Model ‘radlal basis fur v| Plot | error -

| Data thel| Eﬂor| Plot

/ Model | radial basis fur ~ | sl Plot | parity -
Selectplot -.
14 5 o5 1, * | Response Surface A% v
o n “ .. * matrix/response
12 L l. . ..._ .'....- + -
0.0 & e -4 ——
* . .-_' R L Data|ModeI|Error|Pk)t| |
. o < v —_— ——
10 _o5 - - Model |radlal basis fur « | Plot | histogram -
T 8
.g 0.0 2.5 5.0 7.5 10.0 12
= 6 Response 4
AEI Q=L .
4
Qutput model | radial basis functio
* - E
2 e 32
g
0 1
0.0 2.5 5.0 1.5 10.0 12.5 15.0
Response 0

SOV@/mOHiDU|CITe - a 6 9 .{.. Q = | -05 00 Enr.:" 10 15
plot | A€d FQAE

Output maodel | radial basis function - | Qutput model |radialbasisfunctmn - ‘
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Response Surface A% -

matrix/response

JE
| Data ] Model ‘ Error | Plot I
/ Model | radial basis fur ~ | Plot | 3D - Response Surface A% ~
Select model - B maropne
| Data | Model | Error |W|
Select pIoT - Model [ adial basis fur ~ | =
f 15.0
125 ol
T 10.0 é’
IS 7.5 & 5
—~| [ 50 &
I~ T 25 a o
J 00
-2
_4_
_6 T .
—6 —4 =2 o] 2 4 5]
. a
Save/manipulate i | 3 R pp—
plot T a€eIPQEMDE | |
Output model | radial basis function - |
Model »
1

Output model ‘ radial basis function - ]
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Optimization
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minimize
maximize
General Optimizr A 4 find value (root)
p model
Operation ; m|inimize num ber Of O-I-.I-emp.l.s
Global Method | differential evolution
e R differential evolution
0 420 415 h 7.0:“9""“ bOS| n hopplng
1 -304 422 135 Nelder'M eOd
2 420 415 7.02 PO We”
3 420 415 7.02
4 420 415 7.02 CG
5 420 415 7.02 BFGS
7 420 215 ?:02 L_BFGS_B
8 420 415 7.02 TN C

rosult COBYLA

T SLSQP

Results of optimization attempts
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General Optimizer A %
J= model
Options .:E'
Plot 3D
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aeﬂéqzuﬁ

Optimal Point

%
—200 1!
—400 ¥
Aa€>PPQE ”
result »
@l
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G ohG Y Code A % Response Surface A £ General Optimizer A %
| Variables  Design Quality | arguments matrix | matrix/response model
import numpy as np BN [ Options I
# Schwefel v = Operation | minimize
w00 L # F(420.9867, ..., 420.9867) = 0 | Data  Model  Error Attempts fio B
1 e ® .. 5 )
returnOut=418.9829*Len(matrix| g ; - P
R T RO T Model | radial basis function [ Plot(cotor Global Method _differential evolution
200 . K Strategy ' bestlbin
{ Optimize |
01 a [ Response
0 471 a2 0.187
200 4 . .
1421 a1 0.187
—400 function0ut 2 a7 421 0.187
nctionOut ! !
returnOut 3 4 421 0.187
4 a2 421 0.187
- 5 421 421 0.187
A€ QA=W - -
: 5 421 421 0.187
S RIAEY 7 am 421 0187
Output Selection | DOE Aray [ s 421 421 0.187
Selected Out 1 1
DOE Matrix » =i !
Design of Experiments A £ ® Code A &
| Variables Design m Quality | arguments |matr'\x |
S Schwefel function
# Schwefel
B T T P B # F(420.9867, ..., 420.9867) = 0
. - —
wod e e e returnOut=418.9829* len(matrix[@, :1)-nf f 420 9 9 420 9 9 - O
.. . e, te Lt . Vi .
M .t P P function
404 . e e ".‘. R
LR T . o LR :
.
g420—o';'.'.,‘..~‘,‘..' a
. feo L P '. P
W09 L T et T e vz 357.864  y=363.188
. . « " s A .. -— ; panfzoom, x=. d y= L
smo] L tel et e O swen | medHAa=~E
. .« * .. .
LT e T . functionOut
360 1 T T '. T " r T returnOut Output model  radial basis function
360 380 400 420 440 460 480 matrix
- Z Model
: »
A€ PQA=LZNA
Y Axis b X Axis | a
Output Selection DOE Array [

Selected Output
DOE Matrix »
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SALib
Sensitivity Analysis A £ ~ Sobol
g modal _ Method of Morris
| Options | Plot | Total | First Order Second Order . .
_ Fourier Amplitude
Method |aubul analysis - .
amples Delta Moment-independent

Confidence | 0.95

|
11000 |
|
|

|
Resamples |10 |

From To
al-3.14 3.14
h(-3.14 3.13
cl-3.14 3.13

Calculate Sensitivities |

U.S. DEPARTMENT OF

ENERGY

Sensitivity Analysis
» model

Random balance Fourier Amplitude

A v

| options | Plot | Total | First Order

Sensitivity

Second Order

-'ﬁ

I Total
I First Order
I Second Order

0.6
0.5 1
0.4
0.3 4
0.2 4

0.1+

0.0 4

|

2

_|_

—-0.1 4

AED>PQ=¥A
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Forward Propagation

» model
| Options | Bounds | Probability Box |

Aleatory samples | 1000 |:| Samples outside range | re-draw - |
Epistemic samples | 100 |:| Epistemic Method | latin hypercube - | SO m ples
type distribution from to mean std
a | aleatory normal -3.14
———— Variables
c | epistemic unifrom
Variable Type | aleatory - |
Distribution 'normal - | Variable
Mean 0.0 | options
Standard Deviation |I:l.5 |
Z e = e B
= 0.5 = o
o =
€ 00 ——*FJ_'_'_'_ Ll—r 05
- -15 -1.0 -0.5 0.0 0.5 1.0 15 °

Calculate Propagation

U.S. DEPARTMENT OF
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Forward Propagation | P-Box —|NATIoNAL
am |[ENERGY
TL TECHNOLOGY
LABORATORY
Forward Propagation A % v
» model
 Options | Bounds | Probability Box |
Forward Propagation A £ ~
1.0 » model
| Options | Bounds | Probability Box |
The probability that the value will be |2 |or less
08 is between |62.4 | % and |76.5 %
Draw on probability box
064 T
Given the prescribed input uncertainties with |95 | % probability,
the quantity of interest will be between |4.32 | and |5.61

0.4 1

0.2 1

Cumulative Density Function

0.0

AEIPQ=MBE

N e e e e e e — SN

4 6 8
Response

| Calculate Propagation

U.S. DEPARTMENT OF

|| Draw on probability box

| Export bounds to file

Calculate Propagation
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Demo | Wizard

=g@g0oO>» 2% 20000
Untitled* X Untitled* X e

[ Save As ] [ Load ]
functionOut
returnOut
matrix
Output Selection -
Selected Output Response Sl?lrFace A q. o

2o E % matrix/response

+ -
Data ] Model ] Error I Plot |

o [radsiba <] e[|

AED Q=B

Output model | radial basis function ~ |

Model

model
Options | Plot

.S. DEPARTMENT OF
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Examples

0.5
0.5

o2 co2 co H2 CH4 N2
0.033 0.429 0.469 0.046 0.067 1.000
0.024 0.322 0.352 0.035 0.051 0.751
0016 0.214 0.234 0.023 0.034 0.503
0.008 0.107 0.7 0.012 0017 0.254
1 1
0.000 0.000 0.000 0.000 0.000 0.005

15 2.5
# of rotations




Example | Cyclone Optimization N=[RTA
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We have an underperforming cyclone
on 50 kWth Chemical Looping
Reactor

* Increase efficiency
 Maintain or lower pressure drop

8/20/2019




Base cyclone
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2ryortex ™
ro.1s
i
T :: ‘*
e
I
oo |}
-
T
Tl
T
I
O e
(11 I
- - 0.043
~— 2rbarrel =

S. DEPARTMENT OF

NERGY

Pressure outlet: 101.32 kPa
Gas + Solids

Semi-impermeable surface

Solids only

—
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Cell size 5 x 5 x 5 mm, uniform

Gas 0.02kg/s
Solids  0.08kg/s

HDPE
Diameter:871 um
Density: 860 kg/m3

~1 particles/parcel

8/20/2019




Design of experiments = s
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Variable min(m) max(m)

Ryortex 0.01 0.03
Hyortex 0.1 0.5
et 0.02 0.12
Wier 0.015 0.04

« genetically optimized Latin hypercube

« 100 samples (2xrecommended) 004 to,
« L,-discrepency measure of 0.00295 Foosy il
0.024 %+ T T
0.10
& 0.05
0.6.5. ‘0.'10 0.6.1. o.t;z .0.63 025 .0.50 0..‘02. .0.64 0.05 0.10
Tbarrel Tvortex Hvortex Winjet Rinret

S. DEPARTMENT OF

NERGY 8/20/2019




Model creation

Models created using
Nodeworks and MFiX
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Initial Conditions

MFiX-PIC - /.nfs/home/3/jweber/mfixProjects/pic_cyclone2/pic_cyclone.mfx*

LIRONE N
Domain Extents

| 2 Dimensional

Min |-r_barrel-.005 ||0.0 | |-r_barrel-.005 |m

Max |r_barrel+0.03 ||0.4 ||r_barrel+.005 |'m

Boundary C
Point Sources
Internal Surfaces

Numerics
Output
Monitors

Run
Dashboard

Autosize [

Geometry
B R -0 L B -]
¥ < B sample_implicit

v < W unionl
v & By difference
v W union
© fx box
“ fx cone
@ fx cylinder
“ fx cylinderl
@ fx cylinder3
© fx cylinder2

clean
V| Convert lines to points.
V| Convert polys to lines.

V! Convert strips to polys.

Model | +

NATIONAL
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Okekgae

Welcome to MFiX - https://mfix.netl.doe.gov

MFiX-GUI version 18.1.5.post356

Loading pic_cyclone.mfx from /.nfs/home/3/jweber/mfixProjects/pic_cyclone2
Solver: MFiX-PIC

Loaded pic_cflone\mfx

Readyl CPU: 2% ‘ RAM: 6%

E Nodeworks
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Dispatch

il

MFiX-PIC - /.nfs/home/3/jweber/mfixProjects/pic_cyclone2/pic_cyclone.mfx*

. 5
Using Nodeworks and B > eB@ AMNe s wce,
Okzkdyaeoe
MFiX, Dispatch all model
IA, DIspatch all moaeils
to the queue e
+ -
[projectl/mfixsol
@ /nfsin b
@ [default]l/mfixsolver
Desig
| variabled sMP Options (16 cores available locally)
RunDif oo | 1 ‘
DMP options
== EDOvEDED
! [Tl Restart - no restart files found
q
|V Submit to Queue
Template | Joule ~ || Browse |
ﬂlés!g 9&38{‘31 Exporting t f /pi lone2/si: 000072/ | f:
xporting to: h rojects/pic_cyclone2/sim_( pic_cyclone.mfx -
Job Name 1$(PR°]ECT—NAME) | porting to: /.nf rojects/pic_cyclone2/sim__000073/pic_cyclone.mfx
s Exporting to: /.nfs/h b rojects/pic_cyclone2/sim__000074/pic_cyclone.mfx
Number of Cores |1 " Exporting to: /.nfs/h b ts/pic_cyclone2/sim__000075/pic_cyclone.mfx
Queue ‘serial Exporting to: /.nfs/h by rojects/pic_cyclone2/sim__000076/pic_cyclone.mfx
Exporting to: /.nfs/h Projects/pic_cyclone2/sim__000077/pic_cyclone.mfx
Parallel Environment‘serial porting to: /.nfs/h b T ts/pic_cyclone2/sim__000078/pic_cyclone.mfx
—— porting to: /.nfs/h 3/jweber/ Projects/pic_cyclone2/sim__000079/pic_cyclone.mfx
mfix/dev P g to: /.nfs/h b rojects/pic_cyclone2/sim__000080/pic_cyclone.mfx
|| mfix/18.1 P g to: /.nfs/h b Projects/pic_cyclone2/sim__000081/pic_cyclone.mfx
| | mfix/17.3 Exporting to: /.nf: rojects/pic_cyclone2/sim__000082/pic_cyclone.mfx
Modules mfix/17.2 Exporting to: /.nfs/h b rojects/pic_cyclone2/sim__000083/pic_cyclone.mfx
mfix/dev Exporting to: /.nfs/h b rojects/pic_cyclone2/sim__000084/pic_cyclone.mfx
gnu/6.4.0 openmpi/1.10.2_gnué.4 Exporting to: /.nfs/h 3/jweber/mfixProjects/pic_cyclone2/sim__000085/pic_cyclone.mfx
LLintalin01.2 2 080 porting to: /.nfs/h rojects/pic_cyclone2/sim__000086/pic_cyclone.mfx
Log L Exporting to: /.nf: b rojects/pic_cyclone2/sim__000087/pic_cyclone.mfx
Pe—— Exporting to: /.nfsfhome/3/jweb: ts/pic_cyclone2/sim__000088/pic_cyclone.mfx
—— Si it Cancel i porting to: 1.nfs/h b T ts/pic_cyclone2/sim__000089/pic_cyclone.mfx
> m & & —— to: /.nfs/h rojects/pic_cyclone2/sim__000090/pic_cyclone.mfx
nEooBm -KP—J o Ex;ortin; to: /.nfe ber/mfixProjects/pic_cyclone2/sim__000091/pic_cyclone.mfx
Status Job Id Progress Time Dt Time Path Exporting to: /.nfs/h b ixProjects/pic_cyclone2/sim_000092/pic_cyclone.mfx il
Exporting to: /.nfs/h b rojects/pic_cyclone2/sim__000093/pic_cyclone.mfx
Exporting to: /.nfs/h b rojects/pic_cyclone2/sim__000094/pic_cyclone.mfx
porting to: /.nfs/h 3/jweber/mfixProjects/pic_cyclone2/sim__000095/pic_cyclone.mfx
Exporting to: /.nfs/h b T ts/pic_cyclone2/sim__000096/pic_cyclone.mfx
porting to: /.nfs/h b T ts/pic_cyclone2/sim__000097/pic_cyclone.mfx
porting to: /.nfs/h b ixProjects/pic_cyclone2/sim__000098/pic_cyclone.mfx
Exporting to: /.nfs/h rojects/pic_cyclone2/sim__000099/pic_cyclone.mfx
v
Modeler - Ready I CPU: 1% [ RAM: 6%

U.S. DEPARTMENT OF

ENERGY




Run the models! N=|NATIONAL
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* All models ran
simultaneously

 Took 21 minutesto 7
hours per model

e Cell countvaried from
40,320t0169,764

* Three models failed
(6%), due to bad mesh
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1.0 - . . -4 = - - _ .

Mass 0.5 " - 7 . * " 7 . . * 7 . 7 e -
-t - - * . .
- - + -
% - . . *ﬁ- . + * L -
w . L™ f % & -

0.0 ¥ Hduteninde | mudlanihad +&wmﬁ:»¢m ] mma _MWM* s

1_0— - ., 4 . - . N . . . . . - . .
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Surrogate model: Gaussian Process =|NATONAL
TL TECHNOLOGY
LABORATORY
0.6 1.0-
Alpha: noise level 0.8
or smoothing of 0.4 S
the data H >x10- -
= | D 0.4 .
0.2 nl.: P ",‘" ]
10% hold out CV 0.2 .
0.0 T T _l J T T 0.0 .;ﬁ T T T T T
107% 107! 10°% 10°° 1072 0.0 02 04 06 08 1.0
Alpha True
1- | s — : —
O KN 2
o | . ) .
0 B L _,...,;_d.r | - ?h__-!*__,‘;" | "*--h.-..,..n.i.:.‘f-"“ | ----‘-H---T'-'ru i —.“'ii-‘i---rl.-l._"__;.l
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Sobol Sen5|’r|V|’ry N=|NAToNAL
TL | AsORRToRY

0.6 1 Bl Total
Using SALib W First Order
R | B Second Order
20.4-
=
-
0
c
% 0.2
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Op’rimiza’rion N=|NATONAL
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Original Optimal

Using differential evolution
e 11 times lower pressure drop
e 2.3 times lower mass loss

v rghalm)|_Optmalim)
m 0.06 0.096
I 0,015 0.026
I o4 0.373
higee

Wi

0.08
0.02

Edge of design space
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AE>PQ=EN

. .
Putting It all together = |NATIONAL
«m [ENERGY
Design of Experiments A & v | Response Surface A % - | General Optimizer AF v
| Variables | Design | Plot | Quality  Run | matrix/response IF model
- | Options | ot |
00301 . %, | Data | Model Error | Plot | piot [3D -
e * .°. . % . . Model|gausslan proc v| Plot | contour v|
L] [ ] e —
00251 * .0 & . Ce
£ . P « * o* N
= L T 0.030 1 3
g 0.020 o« o S ‘e I _
g ° ® e . e . 4
2 A 0.025 - ﬁ §
00151 eo o 0 f,° s — W &
« ® . . x . fh 39@33300
. . . 1} X 8
oor0] ¢ o8 e ® ’ 5 0.020+ 2o oommgmw
. S
T T T T ! = x=0.103048 , y=0.00932868 , z=0.0487611
0.04 0.06 0.08 0.10 0015 | AED PQEVE
r_barrel [m]
YAxis|r_vortex v|XAxis|r_barrel v|
) e 9 ’*’ Q E lﬁ ” 0.0107 raultq
_ _ 0.04 005 006 007 008 0.09 010
.YAx|s|r_vortex v|XAx|s|r_barrel v| r_barrel Sensitivity Analysis A “. -
Output Selection | All Runs ~ | model
Selected Output A €D ,.I.. Q =~ > 1| options | Plot | Total | First Order = Second Order
DOE Matrix |
.YAxis|r_vortex v|XAxis|r_barrel v| = Total
Code - Process output A % ~ _ 205 = First Order
Output model |gaussLan process v| E = Second Order
arguments|model5 | Model g '
(<
import glob = ‘%0_0 . i + .I. ﬁ .I. _I_ + o b
import pandas as pd
function import os I t R I'ﬂ. It o
:i.mbort Ay TazlnD . - '03“ 5_5‘# 6e.$“\e.“ \‘.\\e (@“‘ “e,*- \eL, “\e <@ﬂ~ \e. ‘\\e Qe Qe
O e ek -
Save As I — | vﬁ“ava“a\va“ 3“6 ﬁe, o a?- 6.?- °<te (te (\\e.
A B &
functionOut &
returnOut x=y=0.387364
models
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Examples

0.5 15 2.5
# of rotations
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Example | DEM Mixing UQ

TL
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Quantify mixing as the rate of decay

(=Y DI
- ;- o~ o {4
. £

1

0.5

ANF 0.75

| | — computed
|| — linear fit

0.5

1.5 2.5

# of rotations

VRS of the Alike Neighbor Fraction (ANF)

ANF = fraction of particles within 2.5r-radius
of a given particle with the same color
(averaged over all particles)

U.S. DEPARTMENT OF
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Problem definition

Model: MFiX-DEM

Rotation induced by angular gravity

Geometry considered fixed/known

Seven model parameters

considered as unknown quantities

e Six of which are taken from
measurements of real particles

.S. DEPARTMENT OF

TL

Model uncertainties considered:

NATIONAL
ENERGY
TECHNOLOGY
LABORATORY

f (rpm) X, 28.8 31.2
d, (cm) X, 0.26 0.35
O (g/cm3) X3 2.22 2.92
e - X, 0.92 0.9999
™ - Xe 0.58 0.9999
1 - X, 0.1 0.45
Ly - X, 0.02 0.42

8/20/2019
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DOE — Simulations — Surrogate

Response Surface Model
Gaussian Process
e RBF kernel

Design of Experiments
e Latin Hypercube

0o

097 08 096 0UE
x

* Genetic optimization aas
: -
0.14 >
,_ » 7-D space g
1 0.12 §
* 345 samples (overkill?) 011 §
0.10
B T AT (())(()):
R '
) PO
ase eyttt S LeeTit N
o AR, ' 2.3
3 23 242 162 1R 0.4 .
: . . . . 52
Cross-validation
0—00 - 0.16
T 0.15 +
:5' s 0.14 4
=]
x 2 P ; g 0.13
: s
i o0 o t"lt‘;s'f:,:'f;:::"'o; i -1.00 T . s E 012
._]G * 0.11 4
L o0 2 ! * 0.10 4
o o 0.09 +
. . . “2.00 At
12 -8 4 0 4 O s om oio om0z o1 ois oms oie
032 032 a2 032 log)y alpha Response: y1
8/20/2019




Forward Propagation (of input uncertainties) S
TL)ASERRISR

Hybrid/nested sampling approach of Roy & Obekampf
10 epistemic samples, each with 100 aleatory samples

: /

0.7

Function

o e

Function

o e
-]

6 = 0.6 6
=
g 205 g
]
v 2 v
z z
3 04 Z 04
3 3
> >

=04

0.3
0.2

01

00— ' , 00— y
006 008 010 012 014 016 018 020 0.05 0.1 015 0.2 006 008 010 012 014 016 018 020
Response Initial Rate of Mixing (-AANF/revolution) fesponse

T

Original direct sample p-box of Dahl et al (2019)
Examples of surroage model propagated p-boxes
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Forward Propagation (of input uncertainties) S

TL TECHNOLOGY
LABORATORY

What if... we decide the p-box is too course for our use purpose
and we need to increase the number of samples?
* Direct/full model: expensive
e Surrogate model: (once constructed) cheap

10 1.0

10

o
o

o

©

o

©
s

o
=
L
o
o
L
o
o

L

e
=
o
»
L

Cumulative Density Function
o
H

Cumulative Density Function
Cumulative Density Function

o
]
o
N

o

N
N

0.0

0.0

0.0 -

T T T T T T T T T u T T T T T T
0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Response Response Response

10 x 100 100 x 1000 1000 x 10000
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Examples

0.5
0.5

o2 co2 co H2 CH4 N2
0.033 0.429 0.469 0.046 0.067 1.000
0.024 0.322 0.352 0.035 0.051 0.751
0016 0.214 0.234 0.023 0.034 0.503
0.008 0.107 0.7 0.012 0017 0.254
1 1
0.000 0.000 0.000 0.000 0.000 0.005

15 2.5
# of rotations




Example | Biomass Gasifier

NATIONAL
ENERGY
TECHNOLOGY

| ... Producergas
; m— +
Char/Tar/Ash
sand
bed
Biomass screw ]
+ —> 3
) feeder
Nitrogen “ distributor
Air + Steam

. DEPARTMENT OF

TL

LABORATORY

Control Variables:

* X; =biomass mass flow rate

* X, =linlet gas mass flow rate

* Xg=inlet gas steam mass fraction

System Response/Qol:
* Yy, =H,/CO molar ratio of product syngas
(time-averaged from 25 to 30s)

Objective Function:

X1 ly =2

required to produce a syngaswith a 2:1
hydrogen to carbon monoxide ratio

, minimize the amount of steam

8/20/2019




DOEs and Results N=[NjToNAL
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Sub-set of preliminary,

scoping DOE
/ Secondary, refined DOE Results for the Qol, HZ/CO

] / Nodeworks B R B A I B
el %0 U]« Latin Hypercube S B RPN B RS LT G L

spas § .. * Genetic Optimization I :‘. - s ':" : 1‘ i |
wesle " *. ‘| '« Composite DOE not LH et B R B

B o I A Region of interest

- ot AR Teoe ] Q: How do we get a continuous surfaceof y, =2
LI PR A: Construct a (4-D) response surface surrogate model
T and extract the (3-D) iso-surface characterizing y,=2

1

S. DEPARTMENT OF

N E RGY 8/20/2019




Surrogafte Modeling =]NATIONAL
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Cross-Validation for the Qol, H,/CO Full Model Error
5.00
—e— RBF: epsilon = 0.5 5 o , 5 . .
o /’ /z
—e— RBF: epsilon= 1.0 N Best GP . :a Al Best RBF . :z
—&— RBF: epsilon= 2.0 _//: ./f'
—e— GP: 1*RBF ., . . , . oy
5 g b 3 e
E 2 c/ - s ‘/-"'
E 0.50 ’ ,..’ﬁ ’ ;..."'d|r
% 1 -;J,” 1 IE-;J,”
0 0
0 1 2 3 4 5 0 1 2 3 4 5
Response: y1 Response: y1
0.05 f |

1.E-18 1 .EI-14 1 .EI- 10 1 .EI-06 1.E-02 . .
smooth (RBF), alpha (GP) Selection: GP (more consistent) ‘

Best surrogate models:

* Radial basis function (RBF) with smoothing parameter of 1e-14
* Gaussianprocess (GP) with RBF kernel and noise parameter of 1le-14

U.S. DEPARTMENT OF
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Op’rimiza’rion N=|nanonaL
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Optimize: RSM == o ‘

| Iso-surface ~ Color: f = Xg- XX,
X1 X2 X3 Y1
# # # 2.000..

# H#H # 1.999.
# H # 1.999.

1A :asuodsay

# # # 2.000..
0.0015
\ oL Another surrogate?
\\ U Nah, the GP is cheap.
somoos NN\ . Just iterate many times
\\\ 3 and interpolate.
| _\ . . V' ~N \ - % sots m 4&0566_058&0i L,

° Optimal condition ‘ |

R U.S. DEPARTMENT OF
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Validation of (surrogate) Opfimum N=|rAronaL
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Time: 0.00 s
0.6 — 02 —— H2
—— CO2 —— CH4
~05 —— CO  —— N2
S 0.4
-
O .
20.3 P
v
%?043 coogss 0427 ’:32042 C(;“ 061 N12000 O
l 2080 I 0350 ' A I =7 I 0.055 | 0900 E 0l2
s 0250 | os e 2:2 °"°° 01
0.020 . 02 ::’: z:z :,j: 0 . 0 | ‘ ' | ' ' |
- 0 5 10 15 20 25 30
Im |0050 Ioﬁ Im I Iw Simulation time (s)

X; = 0.086 (g/s), X, =0.054 (g/s), X3 =4.8x10%, y,=2, y;=2.2
(within expected error from cross-validation test)
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